Taste papillae are ectodermal specializations in stereotypic locations on the tongue. Papilla localization determines the peripheral distribution of lingual taste buds and thereby is a key element in spatial aspects of taste coding. My laboratory studies are about development of fungiform papillae that form on the anterior two-thirds of the tongue and the ganglia that provide sensory innervation for the fungiform: the trigeminal and geniculate. To what extent do papillae and sensory neurons develop independently or via interactions? How is a developmental ''match'' established between the taste papilla organs and nerves that innervate these papillae? I used an organ culture of embryonic rat tongue to study papilla development in a system that excludes intact sensory innervation. I have demonstrated roles for sonic hedgehog protein (SHH), epidermal growth factor (EGF), and bone morphogenetic protein (BMP) family members and antagonists in papilla induction, development, and patterning. These data provide evidence for induction and patterning functions for SHH. I have shown that PI3K-AKT, ERK1/2, and p38 MAPK protein kinase cascades mediate fungiform papilla effects in response to EGF in culture and suggest roles for EGF in maintaining the interpapilla epithelium. I propose that BMPs act to inhibit new papilla development, thereby maintaining an interpapilla space, and that the inhibitory actions of BMP within forming papillae per se are opposed by noggin. In addition, initial data suggest that the same molecules that regulate papilla development are active in survival and differentiation of the ganglion neurons that innervate the papillae.
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Interaction of taste-aversive memory system and reward system during taste-guided learned behavior
Y. Yasoshima
Department of Molecular Genetics, Institute of Biomedical Sciences, Fukushima Medical University, Fukushima, Japan
Conditioned taste aversion (CTA) establishes a robust long-term gustatory memory to the conditioned stimulus (CS) that has been previously associated with visceral malaise (unconditioned stimulus, US) even though a normally preferred taste stimulus such as sucrose, saccharin, or DL-alanine is used as a CS. In toxin-induced CTA, conditioned animals show aversive taste reactivity to reexposure of the CS, implying that the biological value of the CS is shifted from positive to negative after CTA acquisition. A benzodiazepine agonist, midazolam, impairs CTA expression to sucrose but not to 0.2 M NaCl or 0.01 M HCl, suggesting that CTA expression is differentially dependent on the original palatability of the CS. In our preliminary study, dopamine and opioid systems may be involved in midazolam-induced impairment of CTA expression because a D1 receptor antagonist, SCH23390, and a l-opioid receptor antagonist, naloxone, impaired the effects of midazolam. The reward system, including dopamine and opioid systems, activated by midazolam could inhibit the neural substrate of CTA when taste of the CS is palatable.
Obsession with the luxury meal: an eating model for modern humans
T. Fushiki
Division of Food Science and Biotechnology, Graduate School of Agriculture, Kyoto University, Kyoto, Japan
A luxury meal for modern humans has an abundance of palatable ingredients such as fat, sugar, and tasty bouillon. Obsession with luxury foods is a standout feature of humans in most industrialized countries. In this symposium, I deal with the addiction to such palatable ingredients as an eating model for modern humans. We have found that the rewarding effects of corn oil in the conditioned place preference (CPP) test are at least partly mediated via opioidergic and dopaminergic systems. Recently, we tested intact corn oil and sorbitol fatty acid esters, which have been developed as nondigestible fat substitutes with low energy. Palatability of the sorbitol fatty acid esters was similar to corn oil for over 30 min in the short-term twobottle choice test in mice. However, mice did not continue to eat the fat substitute in a long-term two-bottle choice test. The low-energy fat substitute did not act as a reinforcer in the CPP test. Mice with 0.1 ml of corn oil placed into their stomachs just before conditioning showed reinforcing effects on taking sorbitol fatty acid ester in the CPP test. These results suggest that the postingestible effects of corn oil are involved in long-term preference and reinforcing effects. Japanese traditional ''dashi'' bouillon acts as a reinforcer as well as fat and sugar in the CPP test. In the case of the bouillon, however, the flavor was essential for inducing the rewarding effects, suggesting that flavor, taste, and energy are all involved in the effects. The effect of unsaturated fatty acids on taste sensitivity was explored by a human psychophysical study and a molecular biological study using in vitro G-protein activation assay and a mouse neuroethological study. In the human psychophysical study, lingual application with docosahexaenoic acid (DHA) significantly suppressed bitterness of QHCl without affecting the perceived taste intensity measurement of NaCl, sucrose, and MSG. Consistently, the results from the mouse behavioral experiment using a shortterm lick test (10 s) showed a significant increment in licks for bitter stimuli including QHCl and denatonium, but not for other salty sweet and sour stimuli, after DHA. Inhibitory effects of fatty acids on responses to bitter substances including QHCl and denatonium were also observed in the recordings from the chorda tympani (CT) and the glossopharyngeal (GL) nerve in wild-type mice, although responses to bitter-tasting L amino acids, NaCl, HCl, sucrose, and MSG were not inhibited by fatty acids. The order of suppressive effect of fatty acids was DHA > linoleic acid > eicosapentaenoic acid = oleic acid. In contrast, gustducin KO mice showed no such suppression in bitter taste responses both in the CT and the GL. Results from the in vitro G-protein activation assay using the bovine taste membrane showed that the activation of both gustducin and transducin by denatonium was significantly inhibited by DHA and oleic acid. The inhibitory effect of DHA was stronger than that of oleic acid. These results suggest that fatty acids specifically inhibit responses to bitter stimuli by suppression of activation of T2R receptors which coupled with G gustducin and G transducin.
Amiloride sensitivity of the chorda tympani nerve response to NaCl in 129X1/SvJ mice T. Ohkuri, K. Yasumatsu and Y. Ninomiya Section of Oral Neuroscience, Graduate School of Dental Science, Kyushu University, Fukuoka, Japan It is known that there is a prominent mouse strain difference in the effect of amiloride on the chorda tympani (CT) nerve responses to NaCl. For example, in C57BL mice, amiloride suppresses NaCl responses to about 50% of control, whereas no clear amiloride inhibition was observed in 129 mice. The 129 inbred strain, however, has a number of substrains derived mainly from two major parent stocks, 129/J and 129/SvJ. Recently, 129X1/SvJ (formerly 129/SvJ) mice are reported to differ from the 129P3/J (formerly 129/J) strain by 25% of sequence length polymorphisms. In the current study, therefore, we examined possible substrain difference between 129P3/J and 129X1/SvJ in the amiloride sensitivity of the CT response. The results suggest that amiloride is effective in 129X1/SvJ mice. CT responses to 0.3 M NaCl were significantly suppressed by amiloride at the concentration of 10 lM or more, and the inhibition reached the maximum (about 50% of control to 0.03-0.3 M NaCl) at 100 lM. In contrast, no such amiloride inhibition was evident in 129P3/J mice. These results suggest that amiloride sensitivity of NaCl responses differ among 129 substrains.
Analysis of individual differences in human sweet taste sensitivity It is reported that the T1r2/T1r3 heterodimer is responsive to a wide range of sweeteners. Mice lacking T1r3 showed no preference for artificial sweeteners and had diminished but not abolished behavioral and nerve responses to sugars, suggesting that T1r3-independent sweetener-binding sites also exist in taste cells in mice. However, the numbers and functions of ligand-binding sites on T1r2/T1r3 (and/or other sweet receptor) remain largely unknown. In this study, in order to predict the number of sweetener-binding sites in humans, we measured sensitivity thresholds to various sweet taste substances (sucrose, glucose, fructose, saccharin, aspartame, acesulfame-K, glycine, D-phenylalanine, D-tryptophan, and L-proline) in 58 human subjects and examined the qualitative similarities among these sweeteners by using a hierarchical cluster analysis. We also used gymnemic acid and c-cyclodextrin, which selectively inhibit sweet responses and reduce the inhibitory action of these responses in humans, respectively. The cluster analysis showed that individual sweet sensitivities were classified into 15 different groups. The 10 sweet compounds were classified into five groups [1) sucrose, glucose and fructose, 2) saccharin, aspartame, acesulfame-K and glycine, 3) D-phenylalanine, 4) D-tryptophan, (5) L-proline]. These results suggest that there may be at least five different sweetenerbinding sites on T1r2/T1r3 (and/or other sweet receptor) in humans. The individual differences in human sweet sensitivities may be due to the differences in the binding function of these sites. So, we are investigating the relationships between these individual differences and single-nucleotide polymorphisms in T1r2/T1r3.
Gustatory responses from the soft palate in mice S. Harada, M. Ooki, A. Nakayama and H. Miura Oral Physiology, Kagoshima University Graduate School of Medical and Dental Sciences, Sakuragaoka, Kagoshima, Japan Gustatory responses from the soft palate in C57BL mice were studied electrophysiologically. Integrated taste responses from the greater superficial petrosal nerve (GSP) and chorda tympani nerve (CT) to NaCl, HCl, sucrose (Suc), and quinine HCl (QHCl) at various concentrations were recorded. The results showed that QHCl produced large phasic and tonic responses relative to the other three stimuli in the GSP, although NaCl was most stimulatory in the CT. Similar results were obtained in C3H mice. To determine the relative importance of the taste information mediated by the GSP for QHCl, the effects of bilateral transection of the GSP, the glossopharyngeal nerve (GL), the CT, or both the GSP and CT on licking behavior in mice for QHCl at 0.0001-0.003 M was studied. The effect of the CT transection was less as the number of licks to 0.003 M QHCl was ;20% of that to deionized water (DW); however, for GSP-transected mice, the number of licks to 0.003 M QHCl increased by ;50% and by ;75% in the GSP + GL-transected mice. The large responsiveness to QHCl in mice is completely different from that in the GSP of rat and hamster which respond greatly to sweet substances. Functional differences in soft-palate taste buds for bitter substances among species of rodents suggest that not only are there gustatory receptive mechanisms but also fundamental differences exist in the development of the associated neural networks since the behavioral responses are instinctively different-that is, aversive for QHCl and preferable for sweet substances.
Participation of Gia family in umami transduction
M. Narukawa, N. Miyamoto and Y. Hayashi Graduate School of Agriculture, Kyoto University Gokasyo, Uji, Kyoto, Japan
Umami is one of the basic tastes, which is proposed for the receptormediated mechanism. Monosodium glutamate (MSG) and inosine monophosphate (IMP) are umami substances, and this mixture produces a synergistic effect. Several G protein-coupled receptors for umami substances have been identified. The umami signal is thought to transduce via these receptors. On the other hand, although G protein coupling to umami receptors is suggested, it is not still identified. In order to estimate G protein involvement in umami transduction, using mouse taste receptor cells (TRCs) treated with inhibitory G proteina-subunit (Gia) inhibitor pertussis toxin (PTX; 500 ng/ml at 37°C for 4 h), we measured the intracellular Ca 2+ level change by umami stimuli (10 mM MSG and 10 mM MSG + 0.5 mM IMP). In TRCs untreated with PTX, 23% of TRCs (15/62) responded to 10 mM MSG and 27% of TRCs responded to 10 mM MSG + 0.5 mM IMP. In TRCs treated with PTX, 9% of TRCs (6/66) responded to 10 mM MSG and 9% of TRCs (6/66) responded to 10 mM MSG + 0.5 mM IMP. The proportion of TRCs that respond to umami stimuli decreased to approximately one-third by PTX treatment. These results suggest that umami signal transduces mainly via Gia containing a-gustducin. Oral Cytology and Cell Biology, Graduate School of Biomedical Sciences, Nagasaki University, Nagasaki, Japan and 3 Orthodontics and Biomedical Engineering, Graduate School of Biomedical Sciences, Nagasaki University, Nagasaki, Japan
Lingual lipase is secreted into the oral cavity, digests fat into free fatty acids and 2-monoglycerides, and free fatty acids may in turn stimulate taste cells. In the present study, we investigated the responses elicited by arachidonic acid (typical unsaturated fatty acid) while recording the electrophysiological properties of isolated taste disk cells in bullfrogs. When wing cells were exposed to 10 lM arachidonic acid (AA), the cells displayed parabolic inward currents. The currents conducted poorly at the membrane potential of ÿ80 mV despite the presence of AA, but their conductance increased at a resting potential of ÿ50 mV. AA (10 lM) elicited inward currents of ÿ19 ± 5 pA (n = 4) at ÿ50 mV in wing cells. Higher concentrations (50 lM) of AA induced larger inward currents and subsequent outward currents in two wing cells but only parabolic inward currents in the other two wing cells. Rod cells (four cells) displayed transient decrease of outward currents and subsequent increase of the currents in response to 50 lM AA. A stable analog of arachidonic acid, eicosatetraynoic acid (ETYA, 10 lM), decreased the outward currents in wing cells but did not induce inward currents as did arachidonic acid. AA (10 lM) and ETYA (10 lM Taste disk cells in the taste organ of frog tongue have been classified into several types on the bases of morphological and electrophysiological features. However, the function of each type of cell has not yet been clarified. This lack of clarity is at least partly due to the fact that taste responses have been separately recorded either from taste disk cells or the glossopharyngeal nerves. The present study simultaneously recorded taste responses from taste disk cells and the glossopharyngeal nerve in the frog, Rana catesbeiana. A taste disk in the fungiform papilla together with a branch of the glossopharyngeal nerve was dissected from the isolated tongue. Using fine scissors under binocular vision, the taste disk was cut vertically into a slice containing the nerve. Neural activities were recorded extracellularly from the glossopharyngeal nerve using a glass capillary suction electrode. Responses in taste disk cells were obtained using the wholecell patch-clamp technique. The cell bodies of those cells were located at the middle or lower layers of the taste disk. Injection of current pulses triggered action potentials in those cells under current-clamp conditions. When Ca 2+ or quinine was applied to the taste disk, depolarization was evoked in those taste disk cells and action potentials were recorded in the glossopharyngeal nerve. Experiments using the present sample will provide a better understanding of the connection between the taste disk cells and the nerve. 
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